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, $S$ $n$ (share)Wj, $j=1,2$ , $\cdot$ . $1,$ $n$ ,
. $(k, n)$ , $n$ $k$
$S$ , $k-1$ , $S$
. , $(k, n)$
, $k-1$ , $S$ . , $n-k$




, Shamir[l] , Karnin [2] $\text{ }$ ,
. , , ,
1 .
, $\llcorner$ ,
. , [3], ,








[6] [7], [8] [9]
.
$(k, n)$ , $k$ $S$ , $k-1$
$S$ .
, $S$ , . ,
.
2 . ,
(general access structure) [10] [11].
, $S$ (qualffied set)
, $S$ (forbidden set) .
,
(perfect) . ,
( , $S$ , $S$
) , (ramp)
[12] [13] [14].
1 , 2 ,
. , . ,
, (Secret Sharing Scheme) SSS .
1:
2
$S$ $W_{j}$ , $\mathrm{G}\mathrm{F}(q)$ . $S$
$\mathrm{G}\mathrm{F}(q)$ , $W_{j}$ .





1 $S$ $(W_{1,}W2,1 \cdot\cdot W_{n})$ 2 , $(k, n)$
$SSS$ .
1. $k$ $W_{j_{1}},$ $W$52’ $\mathrm{I}\cdot\cdot,$ $W_{j_{k}}$ $S$ .
.
$H(S|W_{j_{1}},$ $W_{j_{2}}$ , $\cdot\cdot(, W_{j_{k}})=0$ (1)
, $H$ (.|.) Shannon .
2. $k-1$ $W_{j_{1}},$ $W$j2). . . $lW_{j_{k-1}}$ , $S$ .
.
$H(S|W_{j_{1}}, W_{j_{2}}, \cdot. . , W_{j_{k-1}})=H(S)$ (2)
$(k, n)$ SSS , .




$W_{j}$ $m-1$ $W_{i_{\ell}}$ , $H(W_{j})$
.
$H(W_{j})$ $\geq$ $H(W_{j}|W_{i_{1}}, W_{i_{2}}, \cdot. . W_{i_{m-}}1)$
$\geq$ $H(W_{j}|W_{i_{1}}, W_{i_{2}}, \cdot. . W_{i_{m-}},)-H(W_{j}|W_{i}1’ W_{i_{2}}, \cdot. . W_{i_{m-}}1’ S)$
$=$ $I(S;W_{j}|W_{i_{1}}, W_{i_{2}}, \cdot. . W_{i_{m-1}})$
$=$ $H(S|W_{i_{1}}, W_{i_{2}}, \cdots W_{i_{m-1}})-H(S|W_{i_{1}}, W_{i_{2}}, \cdots W_{i_{m-}}1’ W_{j})$
$=$ $H(S)$ (4)
, $(1)(2)$ .
, (3) SSS [2].
$S$ $W_{1},$ $W_{2},$
$\cdots,$ $W$, .
$\mathrm{G}\mathrm{F}(q)$ $k-1$ $U_{1},$ $U_{2},$ $\cdot\cdot|$ , $U_{k-1}$ , $S$
22
$U=$ $(S, U1, U_{2}, \cdots, U_{k-1})$ . $U$ $k\cross(n+1)$ $G$ $\backslash \# f$
, $W=(S,$ $W$1, $W_{2},$ $\cdot\cdot(, W_{n})$
$W=UG$ (5)
.
(5) $(k, n)$ SSS , $G$ $k$
$G$ . , $\mathrm{G}\mathrm{F}(q)$ $\alpha$
,
$G=\{$ $00010001$ $\alpha^{k-1}\alpha^{2}\alpha 1$ $\alpha^{2(k-1)}\alpha^{2}\alpha^{4}1$ $\alpha^{(q-1)(k-1)}\alpha^{(q-1)2}\alpha^{q-1}1]$ (6)
$G$ , $k\cross k$ Vandermonde
, $G$ $k$ . , (6) $G$
, $(k, n)$ $\mathrm{A}1\text{ }$ SSS .
(6) 2 $G$ , $W_{j}$ , $j=1,2$ , $\cdot$ . $1,$ $n$ $k-1$
$D(x)=S+U_{1}x+U_{2}x^{2}+\cdots+U_{k-1}x^{k-1}$ (7)
1, $W_{j}=D$ (\mbox{\boldmath $\alpha$}j) , Shamir SSS[I] .
, $y=D$ (x) $y$ $S$ , $(k, n)$ SSS
. $k$ $D$ (\mbox{\boldmath $\alpha$}j), $j=1,2$ , $\cdot$ . . , $k$ , , $k-1$
$y=D$(x) $k$ $(\alpha^{j}, D(\alpha^{j}))$ $y=D$ (x) .
, $y$ . , $k-1$
, $y$ , $S$
.
2 , $W_{j}$ $S$ , $n$
$n$
$\text{ }$ , .
, SSS [12][13][14].
3 $S$ $n$ $(W_{1f}W2, , . . W,)$ . ,
$l(0\leq l\leq L)$ , $k-l$ $W_{j_{1}},$ $W$j2’. . ., $W_{j_{k-1}}$
, $(k, L, n)$ $SSS$ $[l\mathit{3}]$.
$H$ ( $S|W_{j_{1}},$ $W_{j_{2}},$ $\cdots,$ $W$y
$t$
) $= \frac{l}{L}H(S)$ (8)
(8) , $k$ $S$ , $k-L$
$S$ . $k-L+1$ $k-1$ ,
, $S$ .
( $k$ , L\rightarrow SSS , [13].
1 $\mathrm{G}\mathrm{F}(q)$ \emptyset .
23
4(k, $L,$ $n$ ) $SSS$ , $W_{j}$
$H(W_{j})$ .
$H(W_{j}) \geq\frac{1}{L}H(S)$ (9)
4 , $(k, L, n)$ SSS , $L=2$
1/2 , . , $S$
, $(1/L)H$ (S) , , $k$
.
(9) SSS , $S$ $S=(S_{0}, S_{1}, \cdots, S_{L-1})$ $L$





$V=$ $\{V_{1}, V2, . . . , V_{n}\}$ $\llcorner$ , $S$
$A_{1}$ , $A_{0}$
$\mathrm{r}$
, $\Gamma=\{A1, A_{0}\}$ ,
$S$ $(t, m)$ SSS , $W=\{W1, W_{2}, \ldots, W_{m}\}$





$|\alpha_{\Gamma}(A)|$ $\geq$ $t$ , if $A\in A_{1}$ (11)
$|\alpha_{\Gamma}(B)|$ $\leq$ $t-1$ , if $B\in A_{0}$ (12)
$\alpha_{\Gamma}(V)$ $=$ $W$ (13)
$\alpha_{\Gamma}$ , $V_{i}\in V$ $\alpha_{\Gamma}(V_{i})$ ,
$\Gamma$ SSS [10][11].
$(t, m)$ SSS $W_{j}$ , $\Gamma$ $V_{i}$
, $W_{j}$ . $W_{j}$ , $S$
, , $V_{i}$
$\tilde{\rho}$ $\rho^{*}$ , .
$\tilde{\rho}=$ $\frac{1}{n}\sum_{i=1}^{n}|\alpha_{\Gamma}(V_{i})|$ (14)
$\rho^{*}$ $=$
$\max_{1\leq i\leq n}|\alpha_{\Gamma}(V_{i})|$ (15)
24
, $(n, n)$ SSS
cumulative map [10] [11] , , $(k, n)$ SSS
cumulative map[15] . , cumulative
map . , ,
,
[16][17] .
$\alpha_{\Gamma}$ : $Varrow 2^{W}$ , $2^{n}$ $W$ $X[k]_{2}^{n}’ k$ =
0, 1, 2, $\ldots,$ $N$ , .
$X_{[k]_{2}^{n}}=[_{i:[k]_{2}^{ni}=1}\cap\alpha_{\Gamma}(V_{i})]|\cap[_{i:[k]_{2}^{n}=0}\cap,\dot{.}\overline{\alpha_{\Gamma}(V_{i})}]$ (16)
$N=2^{n}-1,$ [k] $n2$ $k$ $n$ 2 , $[k]_{2}^{n,i}$ $[k]_{2}^{n}$
$i$ , , $[5]_{2}^{4}=0101$ , $[5]_{2}^{4,1}=[5]_{2}^{4,3}=1$ . (16)
$n=3$ , $X_{101}=\alpha_{\Gamma}(V_{1})\cap\overline{\alpha_{\Gamma}(V_{2})}\cap\alpha_{\Gamma}(V_{3})$ . ,
$X[k]_{2}^{n}$ $X_{k}$ . , $\alpha \mathrm{r}(V_{i}),$ $i$ =1,2, $\ldots,$ $n$ , $X_{k}$ ,
$k=0,1$ , . . . , $N$ , , I
$X_{0}$ $=$ $\emptyset$ (17)




$\alpha_{\Gamma}$(A) $=$ $k=1\cup X_{k}-N$
$k.:[k]_{2}^{n,i}=0\cup X_{k}$
(20)
for a11 $V_{i}\in A$
$\alpha_{\Gamma}$(V) $=k=1\cup X_{k}N$ (21)





for all $V_{i}\in A$
, $x=[x_{1}, x2, . .., x_{N}]$ , $a(A)=$ [$a(A)_{1},$ $a$ (A)2, . . . , $a(A)_{N}$ ] $\in$ $\{0,1\}^{N}$
$A=\{V_{i_{1}}, V_{i_{2}}, \ldots , V_{i_{u}}\}$
$a(A)_{k}=\{$
0if $[k]_{2}^{n,i_{1}}=$ . . . $=[k]_{2}^{n,i_{u}}=0$
1 otherwise (23)
25
, (22) $a$ (A). $x$ . , $[k]_{2}^{n}$ $h_{k}$
, $h=[h_{1}, h2, . . . , h_{N}]$ , (19) , .
$\sum_{i=1}^{n}|\alpha$r $(V_{i})|$ $=$ $\sum_{i=1}^{n}\sum_{k:[k]_{2}^{n,\iota}=1}x_{k}$
$=$ $\sum_{k=1}^{N}h_{k}x_{k}$
$=h\cdot x$ (24)






subject to $a(A)\cdot x\geq t$ , for $A\in A_{1}^{-}$




subject to $a(A)\cdot x\geq t$ , for $A\in A_{1}^{-}$
$a(B)\cdot x\leq t-1$ , for $B\in A_{0}^{+}$
$a(V)\cdot x\leq M$ , for $V\in V$
$x\geq 0$
, $A_{1}^{-}$ , ,
.
SSS , cumulative map [10] [ ][15]
, , SSS
SSS . , ,
, .
4











(Visual Secret Sharing Scheme, VSSS) , Visual cryptog-
raphy [4], $(k, n)$
. , ,
VSSS , $[18]^{2}$ . ,
[19], [20], [18] . , 1
VSSS[21] , $\mathrm{I}\mathrm{D}$ [23]
. , , , 3







(Quantum Secret Sharing Scheme, QSSS) ,
QSSS [5] [7] , QSSS [8] [9]
, , QSSS . $(k, n)$ QSSS
, , , $(k, L, n)$
. , [26] .
5.1
$H,$ $J,$ $\mathcal{K},$ $\ldots$ Hilbert $\llcorner$ , $S$ (H),
$S_{1}(?\{)$ . , $\mathcal{E}$ : $S(J)arrow S$(K) , $\mathcal{E}$
. QSSS , Hilbert ?{
, Hilbert $’\kappa_{i}$ $(i=1, \ldots, n)$ .
$n=\mathrm{d}\mathrm{e}\mathrm{f}$
$\{$ 1, . . . , $n\}$ , $r\subseteq n$ $Hr=\mathrm{d}\mathrm{e}\mathrm{f}\otimes_{i\in r}$ ’Hi ,
, QSSS $Wn$ : $S(H)arrow S$ (Hn) . , $r\subseteq n$





5 $\mathcal{E}$ : $S(J)arrow S$(K) , $S$ $S$ (J) .
1. $\rho\in S$ , $\mathcal{R}\cdot \mathcal{E}(\rho)=\rho$ $\mathcal{R}$ : $S(\mathcal{K})arrow S$ (J)
, $\mathcal{E}$ $S$ .
2. $\rho\in S$ , $\mathcal{E}(\rho)=\rho_{0}$ $\rho_{0}\in S(\mathcal{K})$ ,
$\mathcal{E}$ $S$ .
, QSSS
, QSSS QSSS .
6 $r\subseteq n$ , $W_{r}$ $S_{1}$ (H) (resp. ) , H
(resp. ) .
7QSSS $W_{n}$ , $r\subseteq n$ ,
$W_{n}$ QSSS . , $W_{n}$ QSSS .
QSSS $Wn$ , $\rho\in S_{1}$ (H) $Wn(\rho)\in S_{1}(Hn)$ , $Wn$ pure
state QSSS , , $W_{n}$ $\mathrm{x}\mathrm{e}\mathrm{d}$ state QSSS . ,
, pure state QSSS . , [9]
QSSS , QSSS .
8(Gottesman[9]) $\mathrm{x}\mathrm{e}\mathrm{d}$ state QSSS $Wn$ , pure state QSSS $W_{n^{J}}$




, $\mu\in P_{+}(S)$ $\mathrm{E}_{\mu}$ [\rho ] $= \int_{\mathrm{S}}\rho\mu(\mathrm{d}\rho)$
. $\mu\in P_{+}(S)$ , $\mu$






, $H$ (\rho ) $\mathrm{d}\mathrm{e}\mathrm{f}=-\mathrm{h}$ [\rho 1og $\rho$] von Neumalm . ,
.
9 $\mathcal{E}$ : $S(J)arrow S$(K) $S\subseteq S$ (J) , 3
. , I $\mathrm{I}:\rho\in S(J)\mapsto\rho\in S$ (J) .
28
1: $\mathcal{E}$ $S$ (resp. )
2 : $\forall\mu\in P_{+}$ (S), $I(\mu;\mathcal{E})=I(\mu;\mathrm{I})$ (resp. $=0$)
$3$ : $\exists\mu\in \mathrm{p}_{+}(S),$ $I(\mu;\mathcal{E})=I(\mu;\mathrm{I})$ (resp. $=0$)
$\mu\in P_{+}$ $(S_{1}$ (H) $)$ $r$ (\rho ) $\mathrm{E}_{\mu}[W_{r}(\rho)]=W_{r}(\sigma_{\mu})$
. $\rho$ $H(\rho)=0$ , $\mu\in P_{+}(S_{1}(Tl))$
Holevo $I($ \mu ; $\mathrm{I})=H(\sigma_{\mu})-\mathrm{E}_{\mu}[H(\rho)]=H(\sigma_{\mu})$ .
9 $\mathcal{E}$ , $W_{r}$ (\rho ) , QSSS .
10 QSSS $W_{n}$ , $r\subseteq n$ .
1:H (resp. )
2 : $\forall\mu\in P_{+}(S1 (\mathcal{H}))$ , $I(\mu;Wr)=H(\sigma_{\mu})$ (resp. $=0$ )
$3$ : $\exists\mu\in P_{+}$ ($S1$ (H)), $I(\mu;Wr)=H(\sigma_{\mu})$ (resp. $=0$)
$r$(n) , $r\cup u$ $u$(n)
, $r$ . , 10
.
11 QSSS $Wn$ $r$ , .
, $H(\sigma_{\mu})\leq H(W_{r}(\sigma_{\mu}))$ for $\forall\mu\in P_{+}$ ( $S1$ (H)), (26)
, Nascimento [27] . , 11 , $\mu$
, $i\in n$ ,
$\dim 7\{\leq\dim H_{i}$ (27)
. , Gottesman[9] .
5.3
QSSS , $(k, L, n)$ QSSS
.
$|r|\leq k-L$ $\Leftrightarrow$ $r$ (28)
$|r|\geq k$ $\Leftrightarrow$ $r$ (29)
, $L=1$ $(k, n)$ QSSS . , .
12 $(k, L, n)$ QSSS , $n\leq 2k-L$ .
pure state QSSS $n=2k-L$ .
28
, [8] $(k, n)$ . $(k, L, n)$
QSSS , 11
.
13(k, $L,$ $n$ ) QSSS .
$\forall\mu\in P_{+}(S1(\mathcal{H}))$ , $\frac{1}{L}H(\sigma_{\mu})\leq\frac{1}{n}\sum H(W_{i}(\sigma_{\mu}))$ (30)
$i\in n$
$\mu$ ,
$\frac{1}{L}\dim \mathcal{H}\leq\frac{1}{n}\sum_{i\in n}\dim \mathcal{H}_{i}$ (31)
. , $L=1$ , $(k, n)$ QSSS ( 11)
. 11,13 , $(k, L, n)$ QSSS , $(k, n)$
QSSS , $L$ .
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